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(57)Abstract: . . . _ . . M 

PURPOSE: To softly hold a small part in vacuum by taking at least one 
part of two superposed plate like bodies as a bimorph type 
piezoelectric element. . , . . 

CONSTITUTION: A pair of the bimorph type piezoelectric elements la, 
1b worked in a wedge type are superposed to form a pincette ^ 
\ mechanism. Namely, a set of wedge type figures are cut ■©-.-. .snea.-y 
symmetrically from a sheet of the piezoelectric element plate, 
superposed so that the curving direction to the polarity ofan 
impressing voltage becomes conflicting and the opening and closing 
motion of the pincette tip is enabled, in the case of the power 
pinching a sample being short, the output voltage polarity of a power 
source 2 is changed to curve the piezoelectric elements 1a, lb to the 
inside and the pinching power is increased. In the case of gripping a 
larger sample and optimizing the contact state of the pincette and 
sample, a spacer may be inserted between two sheets composing the 
pincette. 
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SUPPORTING MECHANISM, SUPPORTING SYSTEM, ASSEMBLY METHOD AND 

ASSEMBLY DEVICE USING SAME 

[Shiji kiko, shiji shisutemu, sore o mochiita kumitate hoho oyobi kumitate sochi] 



Inventor: Takeshi Onishi, et al. 

Applicant: Hitachi, Ltd. 

There are no amendments to this patent. 

Claims 

1. A supporting mechanism characterized by the fact that at least one of two overlapped 
plate-shape bodies is a bimorphic piezoelectric element. 

2. A supporting mechanism characterized by the following facts: it comprises two 
overlapped bimorphic piezoelectric elements; the bimorphic piezoelectric elements are arranged 
in appropriate directions such that they are bent in opposite directions when voltages are applied 
to them. 
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3. A supporting system characterized by the fact that it is composed of the supporting 
mechanism described in Claim 1 or 2, a moving means that moves said supporting mechanism, 
and a control means for controlling said supporting mechanism and said moving means. 

4. The supporting system described in Claim 3 characterized by the fact that said moving 
means is a multi-axis manipulator connected to the bimorphic piezoelectric elements. 

5. A supporting system characterized by the fact that it is composed of the supporting 
mechanism described in Claim 1 or 2, a fine moving means for fine movement of said supporting 
mechanism, a rough moving means that moves said fine moving means, and a control means for 
controlling said fine moving means and said rough moving means. 

6. The supporting system described in Claim 5 characterized by the fact that said fine 
moving means is a multi-axis manipulator connected to the overlapped piezoelectric elements. 

7. An assembly device characterized by the fact that it has the following parts: a vacuum 
device, which contains the following parts inside it: a sample table, a focused charge particle 
beam optical system for irradiating a sample on a sample table, a detector for detecting the 
secondary charge particles generated from the sample on the sample table, a supporting 
mechanism described in Claim 1 or 2 for holding the sample, and a moving means for moving 
said supporting mechanism; a control means for controlling said supporting mechanism and said 
moving means; and a deflecting controller that controls said focused charge particle beam optical 
system. /2 

8. An assembly method characterized by the following facts: a sample is held in the 
supporting mechanism described in Claim 1 or 2; the supporting mechanism is driven to move; 
the side wall electrode of the supporting mechanism is set at a prescribed potential; a focused 
charge particle beam is irradiated on said sample; the secondary charge particles generated from 
the sample are detected to detect the state of the sample. 

9. A bimorphic piezoelectric element characterized by the fact that the bimorphic 
piezoelectric element has two side wall electrodes and at least one middle electrode, and said 
side wall electrodes are larger than said middle electrode. 

10. The bimorphic piezoelectric element described in Claim 9 characterized by the fact 
that a means for applying a fixed voltage is connected to said side wall electrodes, and a means 
for applying a varying voltage is connected to said middle electrode. 

1 1. A supporting mechanism characterized by the fact that the bimorphic piezoelectric 
element described in Claim 9 or 10 is used as the bimorphic piezoelectric element described in 
Claim 1 or 2. 

12. A supporting system characterized by the fact that the bimorphic piezoelectric 
element described in Claim 9 or 10 is used as the bimorphic piezoelectric element described in 
Claim 4. 
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13. A transporting method characterized by the fact that a supporting mechanism made of 
two plate-shaped members is used to hold a sample, and, through the supporting mechanism, 
said sample is electrically connected to the outer circuit so that the prescribed operation is 
performed for said sample while the sample is driven to move. 

14. The transporting method described in Claim 13 characterized by the fact that the 
supporting mechanism described in Claim 1 or 2 is used as the aforementioned supporting 
mechanism. 

15. The transporting method described in Claim 13 or 14 characterized by the fact that an 
optoelectrical or electrooptical converting element is used as said sample, and it is driven to 
move to the prescribed position at the end portion of a waveguide path formed on a substrate. 

Detailed explanation of the invention 
Application field in industry 

This invention pertains to a supporting mechanism that can be used preferably in 
supporting thin object or the like, a supporting system, an assembly method and an assembly 
device using said system, as well as a bimorphic piezoelectric element and a transporting 
method. 

Prior art 

As described in Japanese Kokoku Patent Application No. Sho 56[1981)-52448, the 
conventional supporting mechanism for supporting a thin object, such as semiconductor pellet or 
the like, has a supporting tool that has a hole for vacuum application, with semiconductor pellet 
or the like vacuum adhered to it. By means of this supporting mechanism, it is possible to 
support thin objects without damaging them. 

Problems to be solved by the invention 

In the aforementioned prior art, the precondition is that it is for use in atmosphere. In 
principle, it cannot be used in a vacuum chamber. This is a problem. 

Also, for bimorphic piezoelectric elements, electric field leaks out from the internal 
electrode. This is undesired. 

In addition, when a thin sample is driven to move, it is hard to fit at a prescribed position 
at a high precision. This is a problem. 

The first purpose of this invention is to provide a supporting mechanism and supporting 
system for holding a thin member even in a vacuum chamber, as well as an assembly method and 
assembly device using said supporting mechanism and supporting system. 
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The second purpose of this invention is to provide a Dimorphic piezoelectric element free 
of leakage of electric field from the internal electrode. 

The third purpose of this invention is to provide a transporting method that can drive to 
move a delicate sample to a prescribed position at a high precision. 

Means for solving the problem 

Said first purpose is realized by means of below-listed items 1-8, 10, 11, 12, 14 and 15. 
Said second purpose is realized by means of below-listed items 9-12. Said third purpose is 
realized by means of below-listed items 13-15. 

(1) A supporting mechanism characterized by the fact that at least one of two overlapped 
plate-shape bodies is a bimorphic piezoelectric element. 

(2) A supporting mechanism characterized by the following facts: it is made of two 
overlapped bimorphic piezoelectric elements; the bimorphic piezoelectric elements are arranged 
in appropriate directions such that they are bent in opposite directions when voltages are applied 
to them. 

(3) A supporting system characterized by the fact that it is composed of the supporting 
mechanism described in (1) or (2), a moving means that moves said supporting mechanism, and 
a control means for controlling said supporting mechanism and said moving means. 

(4) The supporting system described in (3) characterized by the fact that said moving 
means is a multi-axis manipulator connected to the bimoiphic piezoelectric elements. 

(5) A supporting system characterized by the fact that it is composed of the supporting 
mechanism described in (1) or (2), a fine moving means for fine movement of said supporting 
mechanism, a rough moving means that moves said fine moving means, and a control means for 
controlling said fine moving means and said rough moving means. 

(6) The supporting system described in (5) characterized by the fact that said fine moving 
means is a multi-axis manipulator connected to the overlapped piezoelectric elements. 

(7) An assembly device characterized by the fact that it has the following parts: a vacuum 
device, which contains the following parts inside it: a sample table, a focused charge particle 
beam optical system for irradiating a sample on a sample table, a detector for detecting the 
secondary charge particles generated from the sample on the sample table, a supporting 
mechanism described in Claim 1 or 2 for holding the sample, and a moving means for moving 
said supporting mechanism; a control means for controlling said supporting mechanism and said 
moving means; and a deflecting controller that controls said focused charge particle beam optical 
system. 

(8) An assembly method characterized by the following facts: a sample is held in the 
supporting mechanism described in (1) or (2); the supporting mechanism is driven to move; the 
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side wall electrode of the supporting mechanism is set at a prescribed potential; a focused charge 
particle beam is irradiated on said sample; the secondary charge particles generated from the 
sample are detected to detect the state of the sample. 

(9) A type of bimorphic piezoelectric element characterized by the fact that the bimorphic 
piezoelectric element has two side wall electrodes and at least one middle electrode, and said 
side wall electrodes are larger than said middle electrode. 

(10) The bimorphic piezoelectric element described in (9) characterized by the fact that a 
means for applying a fixed voltage is connected to said side wall electrodes, and a means for 
applying a varying voltage is connected to said middle electrode. 

(1 1) A supporting mechanism characterized by the fact that the bimorphic piezoelectric 
element described in (9) or (10) is used as the bimorphic piezoelectric element described in (1) or 
(2). 

(12) A type of supporting system characterized by the fact that the bimorphic 
piezoelectric element described in (9) or (10) is used as the bimorphic piezoelectric element 
described in (4). 

(13) A transporting method characterized by the fact that a supporting mechanism made 
of two plate-shaped members is used to hold a sample, and, through the supporting mechanism, 
said sample is electrically connected to the outer circuit so that the prescribed operation is 
performed for said sample while the sample is driven to move. 

(14) The transporting method described in (13) characterized by the fact that the 
supporting mechanism described in (1) or (2) is used as the aforementioned supporting 
mechanism. 

(15) The transporting method described in (13) or (14) characterized by the fact that a 
optoelectrical or electrooptical converting element is used as said sample, and it is driven to 
move to the prescribed position at the end portion of a waveguide path formed on a substrate. 

Operation 

When a voltage is applied to a bimorphic piezoelectric element, bending movement takes 
place. As a result, when two plate-shape bodies with at least one of them made of a bimorphic 
piezoelectric element are overlapped, the two bodies move towards each other or away from 
each other when a voltage is applied to the element, that is, an opening/closing operation is 
performed. Consequently, the system functions as a supporting mechanism. 

Application Examples 

In the following, application examples of this invention will be explained with reference 
to figures. 
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Application Examp le. 1 

Figure 1 is a diagram illustrating the constitution of the pincette mechanism as an 
application example of the supporting mechanism of this invention. As shown in Figure 1(a), the 
Dimorphic piezoelectric element used in this case has two piezoelectric material sheets (102)' 
(zirconate titanate salt) sandwiched between three electrode plates. When a voltage is applied 
from power source (2) between middle electrode (100) and outer side wall electrode (101) the 
piezoelectric element bends. As shown in Figures 1(b) and (c), a pair of bimorphic piezoelectric 
elements (la), (lb) processed into a wedge shape are overlapped to form a pincette mechanism. 
That is, from a single piezoelectric element plate, a group of wedge-shaped plates are cut out, 
and they are overlapped with their bending directions under an applied voltage opposite to each 
other with respect to the sign of the applied voltage. As a result, the tip portion of the pincette 
can undergo an opening/closing movement. Figure 1(b) illustrates the case when the output 
voltage of power source (2) is 0 V, and the pincette is in the closed state. In this case, due to the 
elastic force of the piezoelectric elements, the pincette is closed. When the force in holding the 
sample is insufficient, one can change the sign of the output voltage of power source (2) to have 
the piezoelectric elements bend inward so as to increase the holding force. Figure 1(c) illustrates 
the state when a voltage of +30 V is applied on the middle electrode, so that the pincette is 
opened. For a pincette with length of 30 mm, an opening distance of 500 urn can be realized 
When a larger sample is to be held, or when the contact state between the pincette and the 
sample is to be optimized, one may insert a spacer between the two sheets that form the pincette 
For the pincette mechanism in this application example, the constitution is simple, lightweight 
and small in size, and it is especially preferred for use in softly holding thin members in vacuum. 

Application Example 2 

Figure 2 is a diagram illustrating a supporting system that is installed on the tip of a 3- 
axis manipulator with a pincette mechanism connected to a bimorphic piezoelectric element and 
allows 3-dimensional movement of a sample. Bimorphic piezoelectric elements (lc), (Id), and 
(le) are connected to each other at 90° in each connecting point. It allows driving in the three 
axes x, y and z. The pincette mechanism in Application Example 1 is installed at the tip with 
piezoelectric elements in dimensions of 10 mm x 30 mm and 0.5 mm in thickness. When a 
voltage of ±30 V is applied between the middle electrode and the side wall electrode a 
displacement of about ±500 m can be obtained. In this application example, three power 
sources (not shown in the figure) are directly connected to said piezoelectric elements (lc) (Id) 
(le). When the bimorphic piezoelectric elements deflect, displacement at the tip portion of each' 
element is not a single-axis displacement. That is, by changing the output voltage applied to 
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piezoelectric element (lc), the tip of the pincette mechanism undergoes a 2-axial variation in x- 
axis and y-axis. In this constitution, too, by manipulating the power source while observing the 
sample on a microscope or the like, one can use it as a manipulator well in practice. When 
manipulation is to be performed for each axis alone, one may make use of a correcting circuit 
that generates a driving voltage for each piezoelectric element from the movement data signal for 
an orthogonal coordinate system. As a means for realizing the correcting circuit, one may make 
use of a table corresponding to the results obtained in a computing operation. 

The supporting system in this application example makes use of bimorphic piezoelectric 
elements. Consequently, it has a small size, a light weight, yet a large movement distance. For 
example, it can be used in softly carrying semiconductor chips or other lightweight members. 

Application Example 3 

Figure 3 is a diagram illustrating an example of a supporting system prepared by stacking 
three laminated piezoelectric element blocks (3) with displacement direction shifted by 90° with 
respect to each other to form a 3-axis manipulator, with the pincette mechanism in Application 
Example 1 carried on it. The laminated type piezoelectric elements have the disadvantage that 
the movement distance is small. However, drift and hysteresis are small, positioning precision is 
high, and the resistance to vibration is also high. Consequently, it is appropriate for use when 
there is a demand for high-precision positioning. 

Application Example 4 

In this example, the 3-axis manipulator is further connected to another manipulator that 
can move in a wide range to form a device to ensure the driving distance for practical use. As 
shown in Figure 4, the supporting system of this application example has pincette mechanism 
(20) in Application Example 1 carried on fine moving means (21) made of 3-axis manipulator 
formed by connecting the laminated type piezoelectric blocks shown in Application Example 3. 
This fine moving means (21) is further connected to a rough moving means (22) using a stepping 
motor and worm gears. Also, there is a control means (23) for controlling them. For the 3-axis 
manipulator prepared using laminated piezoelectric blocks, although positioning can be made at 
a high precision, the displacement is as small as 10-100 urn. Consequently, it is preferred that a 
rough moving means is used in combination as in this application example. Also, when fine 
moving means (21) with a large displacement is used, one may not make use of a rough moving 
means. 
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Application Examp le 5 

Figure 5 is a diagram illustrating an assembly device having the pincette mechanism in 
Application Example 1. Said assembly device has the following parts in a vacuum device (not 
shown in the figure): sample table (40), focused ion beam optical system (30) for irradiating a 
focused charged particle beam onto sample (41) on the sample table, secondary charged particle 
detector (33) for detecting the secondary charged particles generated from sample (41), pincette 
mechanism (20) for holding and moving the sample, fine moving means (21) for moving pincette 
mechanism (20), and nozzle (9) for feeding a gas. In addition, it has control means (23) for 
controlling pincette mechanism (20) and fine moving means (21), image display unit (CRT) (32) 
for monitoring the image that detects the secondary charge particles generated from the sample 
in synchronization to beam scanning and deflection controller (31) for controlling the focused 15 
ion beam optical system. Also, there is a power source (not shown in the figure) for applying a 
voltage to the sample via said pincette mechanism. Also, in this application example, a 3-axis 
manipulator connected to the bimorphic piezoelectric element in Application Example 2 is in use 
as fine moving means (21). 

The following is an example of the assembly of a semiconductor laser using the 
aforementioned device. Figure 6 is an oblique view illustrating the vicinity to the sample for 
assembly. When semiconductor laser (5) is assembled on the end surface of waveguide path (6), 
a correct positioning is necessary to realize a high coupling efficiency. The following methods ' 
may be adopted in this case: (1) a method in which the semiconductor laser is actually turned on 
to emit light, and, while the intensity of the light incident in the waveguide path is measured, 
position alignment is carried out; (2) a method in which light is incident from the output end of 
the waveguide path, and, with the semiconductor laser used as a light sensor, the light intensity is 
measured while position alignment is carried out. In this application example, the former method 
is adopted. In this case, power source (11) is connected through pincette mechanism (20) to 
semiconductor laser chip (5) for position alignment. Fixation and wiring of semiconductor laser 
chip (5) are carried out by connecting from W deposited film (7) to power source line (8) by 
means of irradiation of focused ion beam (FIB) (4) in an atmosphere of W(CO) [illegible] metal 
vapor (10). The vapor is locally irradiated on the processing portion by means of nozzle (9). In 
this application example, electrical connection between the sample and the external circuit is 
realized via the pincette mechanism, and it is possible to undertake transportation while the 
sample is in operation. 

In this application example, when a FIB is used to perform fixation and wiring of the 
sample, the state of the device is monitored by means of the image of the secondary charge 
particles (secondary electrons, secondary ions) detected in synchronization to FEB sweeping. As 
the secondary charge particles are low-energy particles, their movement orbit is prone to 
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influence of the electric field and magnetic field near the primary beam irradiation portion. 
Consequently, the potential of the pincette mechanism should be a negative one below 0 V when 
secondary electrons are detected, and it should be a positive potential higher than 0 V when 
positive ions are detected. In this way, no charge particles are caught, and it is possible to prevent 
decrease in the detection sensitivity. When there is no need to feed a different potential to the 
sample, and when wire having a contact point is fed to reach the pincette tip portion so as to feed 
power to the sample, the side wall of the piezoelectric element is set to ground potential, and it is 
possible to eliminate the influence of the primary beam and secondary beam. For the bimorphic 
piezoelectric elements, the middle electrode is exposed on the end surface of the laminated 
structure. As a result, the electric field leaks to the periphery, and, when it is near the beam 
irradiation portion, it influences the secondary electrons, etc. Consequently, it is prefen-ed that 
the electric field generated by the middle electrode be shielded with the side wall electrode by 
forming the middle electrode smaller than the side wall electrode. 

Effects of the invention 

According to this invention, it is possible to hold thin members in vacuum. Also, it is 
possible to transport the sample while electrical operations are carried out. 

Brief description of figures 

Figure 1 is a diagram illustrating the constitution of an application example showing the 
basic constitution of the supporting mechanism in this invention. Figures 2 and 3 illustrate the 
constitution of an application example in which a 3-axis manipulator and a supporting 
mechanism are combined. Figure 4 is a diagram illustrating the constitution of an application 
example of the supporting system in this invention. Figure 5 is a diagram illustrating the 
constitution of an application example of the assembly device in this invention. Figure 6 is an 
oblique view illustrating the vicinity to the sample. 
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